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Cross-Reference to Related Applications 

This application claims priority to U.S. Provisional Application Serial Number 
60/462,940, filed April 15 5 2003. 

5 Field of the Invention 

The present invention relates to the field of ophthalmic solutions and their uses. In 
particular the invention relates to contact lens cleaning solutions, contact lens rinsing 
and storing solutions, solutions to deliver active pharmaceutical agents to the eye, 
10 solutions for disinfecting ophthalmic devices and the like. 

Background 

The present invention relates to the field of ophthalmic solutions and especially to the 
15 aspects of preservative efficacy and comfort after prolonged use. These ophthalmic 
solutions have been used for some period of time and are available as over the counter 
products. Solutions that are used in direct contact with corneal tissue such as the 
delivery of active pharmaceutical agent to the eye, or indirectly, such as the cleaning, 
conditioning or storage of devices that will come in contact with corneal tissue, such 
20 as contact lenses, there is a need to insure that these solution do not introduce sources 
of bacterial or other microbial infection. Thus preservatives are included to reduce 
the viability of microbes in the solution and to lessen the chance of contamination of 
the solution by the user since many of the solutions are bought, opened, used, sealed 
and then reused. 

25 

State of the art preservative agents include polyhexamethylene biguanide (phmb), 
POLYQUAD tm , chlorhexidine, and benzalkonium chloride, and the like, all of which 
at some concentration irritate corneal tissue and lead to user discomfort. Therefore, 
a solution that employs a given amount of a preservative agent, but which is made 
30 more effective by addition of an agent that is not a preservative agent would be 
desired. 
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Summary of the Invention 

The present invention relates to improved ophthalmic solutions that employ certain 
amphipathic peptides disclosed in U.S. Patents Nos. 5,968,904; 6,001,805 and 
5 6,191,110 in order to more effectively preserve solutions and to reduce the degree to 
which cationic preservatives will deposit on contact lenses. Ophthalmic solutions are 
here understood to include contact lens treatment solutions, such as cleaners, soaking 
solutions, conditioning solutions and lens storage solutions, as well as wetting 
solutions and in-eye solutions for treatment of eye conditions. 

10 

As used herein, the term "amphipathic" in application to a peptide or class of peptides 
means peptide(s) which contain hydrophilic and hydrophobic amino acid moieties 
(side chains) which are oriented in relation to one another so that the peptide(s) have 
discrete hydrophilic and hydrophobic faces or regions defined by a multiplicity of the 

15 respective hydrophilic and hydrophobic side chains. For example, when the peptide is 
in an amphipathic alpha-helix conformation, the hydrophobic amino acid side chains 
are oriented on one face of the alpha helix while the hydrophilic amino acid side 
chains are oriented on the other face of the alpha helix. When the peptide is 
amphipathic and exists (in solution) in a beta-pleated sheet conformation, the peptide 

20 likewise exhibits hydrophobic and hydrophilic faces deriving from the alignment of 
the oriented amino acid side chains of the molecule. 

As used herein, the term "defensin-class peptide" means either a natural defensin 
peptide which is provided in isolated form as an active ingredient of the composition 
25 employed for wound healing treatment in accordance with U.S . Patent No. 6, 1 9 1 , 1 1 0, 
or else a synthetic peptide which is homologous to the natural defensin peptide, 
containing between 17 and 39 amino acids along its length, and forming amphipathic 
beta-pleated sheets in solution. 

30 A wide variety of amphipathic peptides may be effectively utilized in the broad 

practice of the present invention, including, but not limited to, natural and synthetic 
melittin-class, cecropin-class, magainin-class, and defensin-class peptides. 
The beta pleated sheet conformation of peptides potentially usefully employed in the 
broad practice of the present invention may be readily determined by the circular 
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dichroism technique described in Proteins, Creighton, Thomas E., W.H. Freeman & 
Co., New York (1984), pp. 179- 182. 

The solutions specifically described herein have 0.0001 to about 3 percent of the 
peptide in combination with other active ingredients useful in ophthalmic solutions 
such as buffers, preservatives, surfactants, and antimicrobial agents. 

The preservatives that are specifically useful are cationic polymeric preservatives 
such as polyhexamethylene biguanide (phmb), POLYQUAD tm , chlorhexidne, and 
benzalkonium chloride, as well as other cationic preservatives that may prove useful 
in the present invention as well. The cationic preservatives are used at effective 
amounts as preservatives, and in the instance of PHMB from 0.0001 percent by 
weight to higher levels of about 0.01 weight percent. Specifically, The cationic 
polymeric preservative includes polymeric biguanides such as polymeric 
hexamethylene biguanides (PHMB), and combinations thereof, such cationic 
polymeric biguanides, and water-soluble salts thereof, having the following formula: 

X 1 E-Z NH C NEi C NH^Z X 2 

ii ii 

NH NH 

wherein Z is an organic divalent bridging group which may be the same or different 
throughout the polymer, n is on average at least 3, preferably on average 5 to 20, and 
X 1 and X 2 are 

NH 2 and NH C NH CN 

II 

NH 

One preferred group of water-soluble polymeric biguanides will have number average 
molecular weights of at least 1,000 and more preferably will have number average 
molecular weights from 1,000 to 50,000. Suitable water-soluble salts of the free bases 
include, but are not limited to hydrochloride, borate, acetate, gluconate, sulfonate, 
tartrate and citrate salts. 
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The above-disclosed biguanides and methods of preparation are described in the 
literature. For example, U.S. Pat. No. 3,428,576 describes the preparation of 
polymeric biguanides from a diamine and salts thereof and a diamine salt of 
5 dicyanimide. 

Most preferred are the polymeric hexamethylene biguanides, commercially available, 
for example, as the hydrochloride salt from Zeneca (Wilmington, Del.) under the 
trademark COSMOCILTM CQ. Such polymers and water-soluble salts are referred 
10 to as polyhexamethylene (PHMB) or polyaminoptopyl biguanide (PAPB). The term 
polyhexamethylene biguanide, as used herein, is meant to encompass one or more 
biguanides having the following formula: 

X 1 \:Z NH C NH C NH^Z X 2 

NH NH 



15 

wherein Z, X 1 and X 2 are as defined above and n is from 1 to 500. 

Depending on the manner in which the biguanides are prepared, the predominant 
compound falling within the above formula may have different X 1 and X 2 groups or 
20 the same groups, with lesser amounts of other compounds within the formula. Such 
compounds are known and are disclosed in U.S. Pat. No. 4,758.595 and British Patent 
1,432,345 , which patents are hereby incorporated. Preferably, the water-soluble salts 
are compounds where n has an average value of 2 to 15, most preferably 3 to 12. 

25 It was found that an unexpected preservative efficacy was displayed when certain 

peptides were used in conjunction with the cationic preservative. Other preservatives 
may be used as well. The other components of the solution are used at levels known 
to those skilled in the art in order to improve the wearability of lenses and when used 
directly in the eye, to provide increased resistance to infection. These peptides used 

30 in ophthalmic solutions increase preservative efficacy in certain formulations, 
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provide increased resistance to infection in corneal tissue, in certain formulations, and 
improve the quality of tears in certain formulations. 

The formulations may also include buffers such as phosphates, bicarbonate, citrate, 
5 borate, ACES, BES, BICINE, BIS-Tris, BIS-Tris Propane, TRIS, HEPES, HEPPS, 
imidazole, MES, MOPS, PIPES, TAPS, TES, Glycine, and Tricine 

Surfactants that might be employed include polysorbate surfactants, polyoxyethylene 
surfactants, phosphonates, saponins and polyethoxylated castor oils, but preferably the 
10 polyethoxylated castor oils. These surfactants are commercially available. The 

polyethoxylated castor oils are sold by BASF under the trademark CREMAPHOR. 

Inositol, mannitol, sorbitol, sucrose, dextrose, glycerin, propylene glycol and other 
simple saccharides and polysaccharides may be included in the solutions and are all 
15 commercially available, and well enough understood to be formulated into products 
within the scope of the invention by those skilled in the art. 

The solutions of the present invention may contain other additives including but not 
limited to buffers, tonicity agents, demulcents, wetting agents, preservatives, 
20 sequestering agents (chelating agents), surface active agents, and enzymes. 

Other aspects include adding to the solution from 0.001 to 1 weight percent chelating 
agent (preferably disodium EDTA) and/or additional microbicide, (preferably 0.00001 
to 0.1 or 0.0000 1 to 0.01) weight percent polyhexamethylene biquanide (PHMB0, N- 
25 alkyl-2-pyrrolidone, chlorhexidine, polyquaternium- 1, hexetidine, bronopol, 
alexidine, low concentrations of hydrogen peroxide, and ophthalmologically 
acceptable salts thereof. 

Ophthalmologically acceptable chelating agents useful in the present invention 
30 include amino carboxylic acid compounds or water-soluble salts thereof, including 
ethylenediaminetetraacetic acid, nitrilotriacetic acid, diethylenetriamine pentaacetic 
acid, hydroxyethylethylenediaminetriacetic acid, 1,2-diaminocyclohexanetetraacetic 
acid, ethylene glycol bis (beta-aminoethyl ether) in N, N, N\ N 5 tetraacetic acid 
(EGTA), aminodiacetic acid and hydroxyethylamino diacetic acid. These acids can be 
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used in the form of their water soluble salts, particularly their alkali metal salts. 
Especially preferred chelating agents are the di-, tn- and tetra-sodium salts of 
ethylenediaminetetraacetic acid (EDTA), most preferably disodium EDTA (Disodium 
Edetate). 

5 

Other chelating agents such as citrates and polyphosphates can also be used in the 
present invention. The citrates which can be used in the present invention include 
citric acid and its mono-, di-, and tri-alkaline metal salts. The polyphosphates which 
can be used include pyrophosphates, triphosphates, tetraphosphates, 
10 trimetaphosphates, tetrametaphosphates, as well as more highly condensed phosphates 
in the form of the neutral or acidic alkali metal salts such as the sodium and potassium 
salts as well as the ammonium salt. 

The pH of the solutions should be adjusted to be compatible with the eye and the 
1 5 contact lens, such as between 6.0 to 8.0, preferably between 6.8 to 7.8 or between 7.0 
to 7.6. Significant deviations from neutral (pH 7.3) will cause changes in the physical 
parameters (i.e. diameter) in some contact lenses. Low pH (pH less than 5 J) can 
cause burning and stinging of the eyes, while very low or very high pH (less than 3.0 
or greater than 10) can cause ocular damage. 

20 

The additional preservatives employed in the present invention are known, such as 
polyhexamethylene biguanide, N-alkyl-2-pyrrolidone, chlorhexidine, 
polyhexamethylenebiguanide, alexidine, polyquaternium- 1, hexetidine, bronopol and 
a very low concentration of hydrogen peroxide, e.g., 30 to 200 ppm. 

25 

The solutions of the invention are compatible with both rigid gas permeable and 
hydrophilic contact lenses during storage, cleaning, wetting, soaking, rinsing and 
disinfection. 

30 A typical aqueous solution of the present invention may contain additional ingredients 
which would not affect the basic and novel characteristics of the active ingredients 
described earlier, such as tonicity agents, surfactants and viscosity inducing agents, 
which may aid in either the lens cleaning or in providing lubrication to the eye. 
Suitable tonicity agents include sodium chloride, potassium chloride, glycerol or 
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mixtures thereof. The tonicity of the solution is typically adjusted to approximately 
240-310 milliosmoles per kilogram solution (mOsm/kg) to render the solution 
compatible with ocular tissue and with hydrophilic contact lenses. In one 
embodiment, the solution contains 0.01 to 0.2 weight percent sodium chloride. The 
5 important factor is to keep the concentrations of such additives to a degree no greater 
than that would supply a chloride concentration of no greater than about 0.2 mole 
percent. 

Suitable viscosity inducing agents can include lecithin or the cellulose derivatives 
10 such as hydroxymethylcellulose, hydroxypropylcellulose and methylcellulose in 
amounts similar to those for surfactants, above. 

Studies 

15 

Peptides were tested using a conventional Disinfection Efficacy antimicrobial assay 
(ISO 14729), commonly used in evaluating biocidal efficacy of preservatives for use 
in contact lens care solutions. Briefly, a known concentration of organisms are 
inoculated into the test solution, and allowed to incubate for a given amount of time, 

20 after which they are neutralized to inactivate the preservative. Samples are serially 

diluted and plated in duplicate onto petri plates onto which growth medium is poured. 
The plates are incubated at 35°C (bacteria) or 25°C (yeast and molds) for 48 hours. 
The average number of colony forming units is determined on countable plates (the 
dilution at which between 30 to 300 cfu/plate are observed, except when colonies are 

25 observed only on the -1 dilution plates). The log reduction resulting from exposure to 
the test solution is calculated based on the growth of positive controls plated 
simultaneously. Recovery controls, to confirm that the test solution is neutralized, 
and viability controls are also plated. 

30 Experiment 1 : 

Purpose : Demegen peptide P-l 13 was screened for anti-candidal activity. Of the 
organism routinely used for preservative efficacy testing, Candida albicans is often 
the most resistant. 

8 
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Method : Candida albicans (ATCC 10231) stock cultures were incubated and 
prepared to result in cell suspensions containing between 10 7 and 10 8 cfu/mL. The 
Disinfection Efficacy test, as described above, was used, with the following 
modification: Since the standard Dey-Engley broth used to neutralize preservatives 
5 was not necessarily expected to neutralize the peptide, 0.1% sodium laurel sulfate 
(SLS) was added to the neutralization solution. Controls confirmed that this was 
effective in neutralizing the peptide test solution. The peptide was tested at a 100 
fig/mL concentration in water with a 2 hour exposure time, which resulted in a 2.5 log 
reduction in Candida. 

10 

Conclusion : In our system, as in the studies performed by Demegen and others, P-l 13 
is effective at killing Candida albicans. 

Experiment 2 

15 Purpose : To determine whether 4 distinct Demegen peptides, P-l 13, P-l 1 3D, 

D4El,and D2A21 are effective in killing a variety of microorganisms commonly 
associated with ocular infections and contamination of contact lens solutions. 

Method : The Disinfection Efficacy test was used with the following organisms: 
20 Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa (ATCC 9027), 

Serratia marcesens (ATCC 13880), Candida albicans (ATCC 10231), and Fusarium 
solani (ATCC 36031). The peptides were diluted in water at a concentration of 100 
ug/mL (adjusted for purity). Organism cultures were prepared to result in an inoculum 
concentration between 10 7 and 10 8 cfu/mL. The test solutions were inoculated for a 1 
25 hour and a 3 hour exposure period, neutralized with DEB with 0.1% SLS added, and 
plated in duplicate. 

Results : One hour of peptide exposure at this concentration resulted in a dramatic 
biocidal effect, particularly for the D4E1 and D2A21 peptide. The three hour 
30 exposure time resulted in a similar, or slightly but not significantly greater effect. The 
results from the 1 hour exposure time are shown in the Table below. The P-l 13 and P- 
1 1 3D at this concentration was effective only on P. aeruginosa, C. albicans, and F. 
solani, but had no effect on either S. aureus and S. marcescens. A one hour exposure 
to both of the other two peptides resulted in complete kill of all 5 organisms. 
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Test 
Microorganism 


Solution ID 


dilution 


13 

o 


average 
cfu/mL 




Averag 
eLog 
Reduct 
ion 


S. aureus 


Positive Controls 


A 

-4 


47 


4.70E+05 






(ATCC 6538) 
















P113 


-4 


61 


6.10E+05 




-0.11 




P113D 


-4 


47 


4.70E + 05 




0.00 




D4E1 


A 
-1 


0 


0.00E+00 


> 


4.67 




D2A21 


-1 


0 


O.O0E+00 


> 


4.67 
















P. aeruginosa 


Positive Controls 


A 

-4 


50 


5.00E+05 






(ATCC 9027) 
















P113 




-1 


6 


6.00E+01 




3.92 




P113D 


-1 


2 


2.00E + 01 




4.40 




D4E1 


A 
-1 


0 


0.00E+00 


> 


4.70 




D2A21 


-1 


0 ' 


0.00E+00 


> 


4.70 
















S. marcescens 


Positive Controls 


-4 


60 


6.00E+05 






(ATCC 13880) 
















P113 


-4 


40 


4.00E + 05 




0.18 


i 


P113D 


-4 


28 


2.80E+05 




0.33 
4.78 


i 


D4E1 


-1 


0 


0.00E+00 


> 




D2A21 


-1 


0 


0.00E+00 


> 


4.78 






— ~ 










C. albicans 


Positive Controls 


-4 


86 


8.60E+05 






(ATCC 10231) 
















P113 


-1 


551 


5.51E+03 




— _ 

2.19 




P113D 


-2 


33 


3.30E+03 




2.42 




D4E1 


-1 


0 


0.00E+00 


> 


4.93 




D2A21 


-1 


0 


0.00E + 00 


> 


4.93 
















F. soiani 


Positive Controls 


-4 


16 


1.60E+05 






(ATCC 36031) 
















P113 


-2 


60 


6.00E+03 




1.43 




P113D 


-2 


64 


6.40E+03 




1.40 




D4E1 


-1 


0 


0.00E+00 


> 


4.20 




D2A21 


-1 


0 


0.00E+00 


> 


4.20 













Note: Neutralizer controls for all solutions passed specifications 



with all organisms indicating the the test results are valid. 

Conclusion . The selectivity of P-l 13 on Candida and Pseudomonas may prove useful 
for certain applications. There was no significant difference between the P-l 13 (L) 
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and P-l 13D. The broad spectrum efficacy of D4E1 and D2A21 indicates that these 
peptides may prove extremely useful for treating a wide variety of ocular infections, 
and in particular, contact-lens associated keratitis. 

5 Experiment 3 

Purpose : To establish a dose-response curve for P-l 13, D4E1 and D2A21, focusing 
specifically on their effectiveness against bacteria. 

Method : The Disinfection Efficacy test was used as in experiment 2 using 
10 Staphylococcus aureus and Pseudomonas aeruginosa. The peptides were diluted in 
water at concentrations of 100, 33.3, 10, 3.33, and 1 ug/mL. The test solutions were 
inoculated for 1 hour, neutralized, and plated in duplicate. 

Results : Complete kill of P. aeruginosa resulted from concentrations as low as 1 
15 ug/mL D4E1 and D2A21 and 3.33 ug/mL P-l 13. Complete kill S. aureus was 

achieved with 1 ug/mL D4E1 and 3.33 ug/ml D2A21. As expected from the results of 
Experiment 1, P-l 13 was not effective against S. aureus. Since the traditional 
logarhythmic response was not observed for most of these concentration series, the 
results are shown in tabular form below. 

20 
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Test 
Microorganism 


Solution ID 


Cone. 
(|jg/mL 

_ ) 


dilution 


cfu (average) 


average 
cfu/mL 


Average Log 
Reduction 


S. aureus 


Positive Control 




-4 


36 


3.60E + 05 






A 1 UO booo 
















T- 1 nr 


D4E1 


100 


-1 


0 


0.00E+00 


> 


4.86 






33 


~ 1 


0 


0.00E+00 


> 


4.86 






A r\ 

1 0 


" 1 


0 


0.00E+00 


> 


4.86 






3.33 


" 1 


0 


0.00E+00 


> 


4.86 


— . — ~~ — — . 




1 


_1 


1 


5.00E+00 




4.86 




D2A21 


100 


" 1 


0 n 


0.00E+00 


> 


4.86 


« > , 




33 


-1 


0 


0.00E+00 


> 


4.86 




10 


- 1 


1 


1.00E + 01 




4.56 




- — 


O.OO 


" 1 


0 


0.00E + 00 


> 


4.86 






1 


" 1 


112 


1 .12E+03 




2.51 




r-1 1 O 


H r\r\ 


-4 


38 


3.80E+05 




-0.02 






o o 

33 


-4 


34 


3.40E+05 




0.03 






a r\ 
1 U 


-3 


202 


o nor t 

2.02E + 05 




0.25 






3.33 


-3 


144 


1 .44E+05 




0.40 


— 




1 


-3 


60 


5.95E+04 




0.78 


.... 


■ ■ - • 














P. aeruginosa 


Positive Controls 


initial 


-4 


53.5 


5.35E+05 






















A I LrU yU2/ 


r\/l r «i 

D4h1 


100 




0 


0.00E+00 


> 


5.03 


T- 1 nr 


. — „. — ___ 


33 




1 


5.00E+00 




5.03 






1 0 

o oo 
O.OO 




0 


0.00E+00 


> 


5.03 




• — 




0 


0.00E+00 


> 


5.03 






1 




1 


1 .00E+01 




4.73 




D2A21 


100 




0 


0.00E+00 


> 


5.03 






33 




0 


0.00E+00 


> 


5.03 


— _ . 




10 




0 


0.00E+00 


> 


5.03 




— j 

. .„.,. — ,., 


3.33 




0 


0.00E+00 


> 


5.03 


■ ~ — — ■ — 




1 




0 


0.00E+00 


> 


5.03 




|—l A A r\ 

P-113 


A r\ r\ 

100 




0 


0.00E+00 


> 


5.03 






33 




0 


0.00E+00 


> 


5.03 






10 




2 


1.50E+01 




4.55 






3.33 




1 


5.00E+00 




5.03 






1 




39 


3.90E+02 




3.14 


















Note: Neutralizer controls for all solutions passed specifications 






with all organisms indicating the the test results are valid. 







Conclusion : Peptides D4E1 and D2A21 are extremely effective against the two 
bacterial species tested, indicating that both gram-positive and gram-negative bacteria 
might be suitable targets for therapeutic applications of these molecules. The low 
5 concentrations required for complete kill of 105 cfu/mL bacteria indicate that the 
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therapeutic index (safety) might be very high, since concentrations of peptide as high 
as XXX/mL have been reported to be non-toxic in XXX cells. 
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